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Abstract  

According to Sustainable Development Goals, water quality assessment is vital to 

sustainable water management. Bacteria monitoring is an important part of water quality 

management. Traditional methods for bacteria detection in water have limitations such as 

being time-consuming, expensive and inconvenient. In this study, a new, rapid bacteria 

detection system called the TECTATM B16 (TECTA) was used. The TECTA system was 

designed for clean water, therefore, there has been less experience measuring some 

highly polluted water samples, where high turbidity may interfere with the detection. In 

this study, experiments have been done both in the laboratory and the field to determine 

the interference from turbidity. The results from the laboratory showed that the turbidity 

from organic particles interfered with the bacteria detection by causing delayed E. coli or 

total coliform time-to-detection and lower signal. The turbidity from inorganic particles 

didn’t interfere with total coliform detection but interfered with E. coli detection by 

creating false signal. If the turbidity of a water sample is lower than 150 NTU, the 

interference from the turbidity could be ignored. The field research was implemented on 
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a ship on the Yangtze River in China in May 2019. Overall, the turbidity of the Yangtze 

River was lower than 40 NTU with the exceptions of the upstream part of the Yangtze 

River, so interference in the results was not expected. The results showed E. coli levels 

mostly in the 200-2000 CFU/100 mL range, with a few much higher levels at the docks 

in some cities. The distribution of bacteria levels were consistent with official 

Government of China data, providing confidence that the TECTA instrument was 

successfully applied on the ship. The results also indicated that bacteria contamination in 

the Yangtze River was strongly linked to the location of cities. 
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1. Introduction 

1.1 Background 

Water covers most of the earth but only 3% of it is freshwater, of which just one third 

is accessible for use in agriculture and cities. The rest is frozen in glaciers or hidden 

too deep underground. Water is a prerequisite to life. For humans in particular, access 

to safe, clean water is fundamental to our health and well-being. Globally, 80% of the 

people who have to use unsafe and unprotected water sources live in rural areas and 

2.1 billion people live without safe water at home. It is also estimated that 700 million 

people worldwide could be displaced by intense water scarcity by 2030 (United 

Nations, 2019). Arid regions, such as the southwest U.S. and most regions of Africa, 

and highly populated urban areas, such as Singapore and China are facing the reality 

of the demand for sustainable water solutions to ensure their future survival. The 

United Nations proposed 17 Sustainable Development Goals (SDGs) in 2015, one of 

which is to “insure availability and sustainable management of water and sanitation 

for all”. Thus, it is important and urgent to insure water sanitation and maintain 

sustainable water development.  
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One of the biggest concerns for water resources is the sustainability of the current and 

future water resource allocation. In 2006, Gibson proposed a sustainability assessment 

framework based on socio-ecological system integrity sustainability criteria and 

intragenerational equity sustainability criteria (Gibson, 2006). Gibson also pointed out 

that conventional assessment and planning processes today are not often well 

designed for addressing human and ecological effects within complex systems. Few 

emphasize attention to maximizing positive long-term improvements and most fail to 

ensure effective integration of sustainability considerations in the key early decisions 

on purposes and preferred options. According to Gibson’s framework, the two most 

significant aspects of water resources are quality and quantity, with numerous 

associated indicators. For water quantity, in terms of various regions, indicators could 

be different such as per capita water resources and water resources per unit area. For 

water quality, chemical and biological parameters have to be taken as important 

indicators. One of the vital biological parameters is bacteria level in water. 

Human and animal wastes are a primary source of bacteria in water. Human and 

animal fecal material containing potentially pathogenic bacteria are constantly 
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released with wastewater into the water environment (Alonso, Sanchez, & Martinez, 

2001). These sources of bacterial contamination include runoff from pastures, feed 

farms, and other land areas where animal waste accumulates. Pathogens are 

microorganisms that cause illnesses; they may be viruses, bacteria or protozoans. 

(Chang et al., 1985). Bacterial monitoring is a practical method to determine the 

potential health risk of water exposure. The bacteria selected for water quality 

measurement rarely cause human illness directly. Instead, the presence of the bacteria 

suggests that fecal contamination may have occurred and pathogens may be present in 

the water (Cabral, 2010).  

Fecal coliforms, Escherichia coli (E.coli) and total coliforms are considered as three 

main bacterial indicators of water quality monitoring. These indicators are prevalent 

in the intestines of warm-blooded animals and related with fecal contamination. There 

are several methods for bacteria detection in water, such as multiple-tube 

fermentation (MTF), membrane filter (MF) and polymerase chain reaction (PCR) 

methods. However, most of these methods have to be carried out in the lab and take 

more than 24 hours to get the results. PCR can be done in just a few hours, but it is 
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much more expensive and complicated than the other methods. With these traditional 

methods, it is hard to get real-time results in the field, and in some remote locations, 

water quality detection is hard to be implemented. 

A new bacteria detection system has been invented that can avoid the weakness of 

traditional methods called the TECTATM B16 (TECTA) automated rapid microbial 

detection systems. With a constant temperature incubator, detection system and 

digital processing system, the TECTAsystem can provide automatic detection of 

E.coli, total coliform, fecal coliform and enterococcus. The TECTA is important 

because it enables monitoring in remote locations. 

The TECTA system was designed for clear water samples such as drinking water. 

There has been less experience measuring some highly polluted water samples, where 

high turbidity may interfere with the detection. Experiments need to be carried out to 

explore if particles in high turbidity samples would interfere with bacteria detection in 

the TECTA system and, if yes, to determine how turbidity particles can cause this 

effect. 
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1.2 Purpose of the project 

Overall, there were two objectives of the project. The first one was to use the TECTA 

system on a wide range of water types and determine if there is interference from 

parameters such as turbidity. A series of experiments in the laboratory investigated 

whether turbidity particles would interfere with bacteria detection. The second one 

was to demonstrate the use of the TECTA system to assess the water quality of a 

national water resource, the Yangtze River in China. The TECTA system was 

installed on a ship for an expedition on the Yangtze River in China in May 2019. 

E.coli and total coliform bacteria were monitored in the Yangtze River to provide a 

profile of the water quality in the river. 
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2. Literature Review 

2.1 Importance of high water quality 

Over 100 years ago, the term "water resources" appeared and since then the concept 

of “water resource management” has emerged and been developed. In 1894, the 

United States Geological Survey (USGS) set up the Water Resources Department, 

and the main scope was the observation of surface runoff and groundwater, as well as 

relevant data analysis. At that time, “water resources” was a general term for land 

surface water and groundwater (Lennox, 1986). In 1963, it was defined in the Water 

Resources Act in the United Kingdom that water resources were available water with 

sufficient quantity (Parliament of the United Kingdom, 1963). In 1977, the United 

Nations Educational, Scientific and Cultural Organization (UNESCO) defined water 

resources as: “available or likely available water which should have sufficient 

quantity and high quality and can be utilized in one location for a certain purpose” 

(United Nations, 1977). In 1988, UNESCO along with the World Meteorological 

Organization (WMO) gave the definition: “water resources are sources with sufficient 

quantity and quality that can be used in order to adapt to specific areas and can be 
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long-term supplied” (Hao et al., 2002). In 1999, water resources in Encyclopedia 

Britannica (Zumdahl, 1999) are defined as “natural water bodies that have potential 

uses for humans regardless of the state (liquid solid, or gaseous).” 

Water, the source of human life, has a close relationship with human survival, 

development and all kinds of social activities. The human body can survive for weeks 

without solid food but can only be alive for days without water. However, because of 

human activities such as industrial development and population increasing, water 

quality deterioration is becoming more and more significant and safe, clean drinking 

water is becoming increasingly inaccessible to millions of people in the world. As a 

result, the question “how to manage and use water resources sustainably and 

reasonably” is essential and necessary for citizens and the government to figure out.  

 

2.2 Sustainability and water resources 

Sustainable development has become significant for not only the business and 

academic world, but also for communities and governments. The concept of 

sustainable development originates from the Brundtland Report which defined it as 
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“development that meets the needs of the present without compromising the ability of 

future generations to meet their own needs” (Burton, 1987). It has also been argued 

that the meaning of sustainable development could be recognized as conservative 

management and economic development (Meuleman, 2012). But the notion of 

sustainable development has always been controversial, with the question of what is 

going to be sustained. It has been proposed that even renewable resources can be used 

unsustainably if they are overexploited or long-term change reduces the supply 

(Hoekstra, 2011).  

In September of 2015, the 17 Sustainable Development Goals (SDGs) were created 

by members of the United Nations (UN), aiming that all sustainable goals could be 

achieved by 2030 (United Nations, 2015). Among the 17 SDGs, SDG 6 is to “insure 

availability and sustainable management of water and sanitation for all”, with 8 

targets, and 11 indicators used to monitor the progress on the targets (see Table 1). 

The targets directly emphasize the development aims of societies and ensure 

achievements are sustainable over the long term. Among the targets, target 6.1 and 6.3 

are most closely linked to water quality. Target 6.1 seeks to achieve access for all to 
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safe drinking water and Target 6.3 aims to improve ambient water quality, which is 

essential to protect both ecosystem health and human health. Indicator 6.3.2 focuses 

on quality of ambient water. The indicator tracks the percentage of water bodies in a 

country with good ambient water quality. Only water monitoring could provide an 

assessment of water quality. Monitoring water quality helps policy and decision 

makers to identify water bodies at risk and enables stricter enforcement of pollution 

laws and discharge permits. If a country lacks national targets for safe wastewater 

treatment or water quality parameters, the monitoring of the global indicators 

provides a good opportunity to develop these. Thus, water quality detection is an 

indispensable process for sustainability assessment.  
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Table 1: Targets and indicators of SDG 6 

TARGETS   INDICATORS 

 
6.1 

 
By 2030, achieve universal and equitable 
access to safe and affordable drinking 
water for all 

 
 
6.1.1 

 
Proportion of population using 
safely managed drinking water 
services 

6.2 By 2030, achieve access to adequate and 
equitable sanitation and hygiene for all 
and end open defecation, paying special 
attention to the needs of women and girls 
and those in vulnerable situations  

 
6.2.1 Proportion of population using 

safely managed sanitation services, 
including a hand-washing facility 
with soap and water 

6.3 By 2030, improve water quality by 
reducing pollution, eliminating dumping 
and minimizing release of hazardous 
chemicals and materials, halving the 
proportion of untreated wastewater and 
substantially increasing recycling and safe 
reuse globally  

 
6.3.1 Proportion of wastewater safely 

treated 

 
6.3.2 Proportion of bodies of water with 

good ambient water quality 

6.4 By 2030, substantially increase water-use 
efficiency across all sectors and ensure 
sustainable withdrawals and supply of 
freshwater to address water scarcity and 
substantially reduce the number of people 
suffering from water scarcity  

 
6.4.1 Change in water-use efficiency over 

time 

 
6.4.2 Level of water stress: freshwater 

withdrawal as a proportion of 
available freshwater resources 

6.5 By 2030, implement integrated water 
resources management at all levels, 
including through transboundary 
cooperation as appropriate 

 
6.5.1 Degree of integrated water resources 

management implementation (0-
100)  

6.5.2 Proportion of transboundary basin 
area with an operational 
arrangement for water cooperation 

6.6 By 2020, protect and restore water-related 
ecosystems, including mountains, forests, 
wetlands, rivers, aquifers and lakes  

 
6.6.1 Change in the extent of water-related 

ecosystems over time 

6.A By 2030, expand international 
cooperation and capacity-building support 
to developing countries in water- and 
sanitation-related activities and programs, 
including water harvesting, desalination, 
water efficiency, wastewater treatment, 
recycling and reuse technologies 

 
6.A.1 Amount of water- and sanitation-

related official development 
assistance that is part of a 
government-coordinated spending 
plan 

6.B Support and strengthen the participation 
of local communities in improving water 
and sanitation management 

  6.B.1 Proportion of local administrative 
units with established and 
operational policies and procedures 
for participation of local 
communities in water and sanitation 
management 
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2.3 Water governance in China and Canada  

Water quality standards (WQS) are the most significant and efficient tool for water 

quality protection in every country. Due to the pollution by industrial and municipal 

waste water and urban runoff, water quality is currently deteriorating rapidly. Some 

developed and developing countries proposed WQS a long time ago to protect water 

bodies. The United States Environmental Protection Agency (USEPA) studied water 

quality criteria and published the Green Book in 1968; improvements and revisions 

have been made since (Stephan et al., 1985). In 1975, the Council of European 

Communities (EC) raised a Council Directive (European Commission Directorate-

General XI, 1999) which divided water into 3 different classes based on different 

levels of quality which was mainly applied to drinking water. In Canada, national 

WQS were developed by Health Canada and are implemented by the provinces 

(Government of Canada, 2019) 
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2.3.1 China’s surface water quality standards classification 

In China, the Ministry of Environmental Protection (MEP) proposed the first WQS 

(GB3838-83) in 1983. However, after two decades, due to the conflicts between 

continually increasing population, limited water resources, environmental 

degradation, continuous industrial development and new pollution emerging, 

GB3838-83 could not support and satisfy water environmental management (Zhao et 

al., 2018). As a result, GB3838-83 was first revised into GB3838-88 and then revised 

to a new version GB3838-2002 which was published in 2002. In GB3838-83, surface 

water resources are divided into 3 classes and in both GB3838-88 and GB3838-2002 

(Ministry of Ecology and Environmental of the People’s Republic of China, 2002), 

the water bodies are divided into five classes according to the utilization purposes and 

protection objectives (Table 2).  
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Table 2: The classification of water bodies by functions of GB3838-2002 

Class I Mainly applicable to the water from groundwater sources, and the national nature 

reserves. 

Class II Mainly applicable to first class protected areas for centralized sources of drinking 

water, the protected areas for rare fish species, and the spawning areas of fishes and 

shrimp 

Class III Mainly applicable to second class protected areas for centralized sources of drinking 

water (may require additional treatment), protected areas for the common fishes and 

swimming areas 

Class IV mainly applicable to water for industrial use and entertainment which is not directly 

touched by humans 

Class V mainly applicable to water bodies for agricultural use and landscape requirements 

 

In GB3838-88 and GB3838-2002, there are 30 and 24 basic water quality parameters, 

respectively. In GB3838-88, total coliform bacteria group was as an important 

biological indicator and in GB3838-2002, fecal coliform bacteria group is the 

important indicator (Table 3). Therefore, both total coliform and fecal coliform play 

an extremely significant role in water quality management and they are parameters 

that are needed to be tested every day to insure human health. 
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Table 3: Bacteria level standards in GB3838-88 and GB-2002 

    Class I Class II Class III Class IV Class V 

GB3838-88 Total Coliform 

Group (num/L) 

≤10000 

       

GB3838-2002 Fecal Coliform or E. 

coli Group (num/L) 

≤200 ≤2000 ≤10000 ≤20000 ≤40000 

 

2.3.2 Water governance in Canada 

Canada is among the countries leading the global environmental effort toward 

sustainable development in water resources (Cohen, Demeritt, Robinson, & Rothman, 

1998). The federal government of Canada passed the Canada Water Act on 

September 30, 1970 and established the Department of the Environment in 1971, 

entrusting the Inland Waters Directorate with providing national leadership for 

freshwater management. Until 2013, approximately 70 cost-sharing agreements have 

been authorized by the Act. Under the Constitution Act (1867), the provinces are 

"owners" of the water resources and have wide responsibilities in their day-to-day 

management. The federal government has certain specific responsibilities relating to 

water, such as navigation and fisheries, as well as exercising certain overall 

responsibilities such as the conduct of external affairs (Government of Canada, 2017). 
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Thus, the biggest difference of water governance between China and Canada is that 

there is a national standard in China, and in Canada, provincial governance has been 

applied.  

 

2.4 Indicators of water quality monitoring 

The microbiological quality of drinking water is a concern to consumers, water 

suppliers and public health authorities alike. Water, especially drinking water, can 

transport microbial pathogens to large numbers of people and cause subsequent 

illness. Scientists have estimated that waterborne diseases may cause one third of 

intestinal infections around the world (Hunter, 1997) and are causing 10 to 20 million 

deaths each year around the world (Wilkes et al., 2009). Overall, the morbidity and 

mortality caused by contaminated water are extensive and still increasing, and need to 

be controlled by improving water resources quality (Pandey, Kass, Soupir, Biswas, & 

Singh, 2014). Monitoring water quality is the first step to improving water quality. 

However, since the pathogens are usually found in very low concentrations in the 

water, and there are many different pathogens, it is extremely difficult to monitor 
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them directly. Also, pathogens are shed into the waste stream inconsistently. For these 

reasons, monitoring pathogens directly is complicated, expensive and nearly 

impossible (Ohrel & Register, 2006). Instead, monitoring pathogens uses “indicator” 

species because their presence in the water suggests that fecal contamination may 

have occurred. There are four indicators most commonly used today: E.coli, total 

coliforms, fecal coliforms, and enterococci that are all normally prevalent in the feces 

and intestines of warm-blooded animals. 

 

2.4.1 Total coliforms and fecal coliforms as indicators of water 

quality 

Total coliforms are normally described as “All facultative anaerobic, Gram-negative, 

non-spore forming, oxidase-negative, rod-shaped bacteria that ferment lactose to acid 

and gas within 48 h at 35 °C or members of Enterobacteriaceae which are β-

galactosidase positive” (American Public Health Association, 1998). Fecal coliform, a 

subset of total coliform bacteria, are more fecal-specific in origin and defined by their 

ability to grow at a higher temperature of 44.5 °C. Tests of total coliform and fecal 
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coliforms in water can provide proof of any changes in water quality (World Health 

Organization, 1997). The use of fecal coliforms as bacterial indicators of water 

quality is based on the theory that fecal coliforms are present in the feces of humans, 

livestock and wild animals. If feces enter drinking water, it is likely that these bacteria 

will be present, even after significant dilution (Lin & Ganesh, 2013). Therefore, fecal 

coliforms are recognized as acceptable indicators of fecal contamination. 

 

2.4.2 E.coli as an indicator of water quality 

E.coli is one of the typical bacterial inhabitants in the gut of humans and warm-

blooded animals (Ewing, 1986). Its presence in environmental samples or water 

bodies usually indicates recent fecal contamination or low sanitation level of water 

(Feng et al., 2002). In the 1890s, Theobald Smith first studied E.coli and suggested it 

as the main drinking water indicator (Prescott & Winslow, 1913). However, at that 

time, there wasn’t any specific and corresponding test for E.coli and it took many 

days for the identification of the bacterium. Soon after, a number of alternative tests 

for E.coli were found. In 1904, Eijkman developed the fecal coliform test and also in 
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the same year, the U.S. Treasury Department proposed a standard for drinking water 

safety and codified the coliform group (Eijkman, 1904). In 1977, Dufour found that 

most coliforms are tryptophanase enzyme negative while E.coli is tryptophanase 

positive, as determined by the “indole test” (Dufour, 1977; Tallon, Magajna, 

Lofranco, & Leung, 2005), introducing the approach of using indicator enzymes as 

part of microbiological tests. In 1998, a procedure to detect E.coli specifically within 

water samples was identified which was relatively in expensive (American Public 

Health Association, 1998). Nowadays, E.coli has become the primary indicator due to 

the availability of sensitive, inexpensive and easy-to-use methods for detection in 

water samples. In 2003 and the years following, an automated detector for E.coli and 

coliform bacteria developed at Queen’ University was commercialized, which can be 

used on site with automated signal analysis (Brown et al., 2008).  

  



 19 

2.5 Traditional methods of bacteria analysis in water 

2.5.1 Multiple-tube fermentation technique 

The MTF technique has been used for more than 80 years as a water quality detecting 

method. This method consists of a serious of tubes with increasing decimal dilutions 

of the water sample (Eaton, Clescer, & Greenberg, 1995). In this process, E.coli can 

ferment lactose and can also produce acid and gas in a selective liquid culture 

medium (Nikaeen, Pejhan, Jalali, & Zadeh, 2010). The method is relatively 

complicated. Firstly, culture medium and test equipment are first prepared and then 

the water samples are added into a medium with lactose peptone broth. A primary 

fermentation reaction is done first and next fermentation with plate separation. After 

48 h of incubation at 35 °C, the production of acid, formation and of gas or abundant 

growth in the test tubes constitutes a positive presumptive reaction. Every tube with a 

positive presumptive reaction goes through a confirmation test subsequently. 

The result of the MTF method relies on the most probable number (MPN) statistics of 

microorganisms in the water samples at various dilutions. MPN is the estimate of the 

average number of bacteria in the sample based on how much dilution was needed to 
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make the samples negative. However, the precision of the result depends on the 

number of tubes used for the analysis, so more precise tests are more complicated 

(McFeters, Cameron, & LeChevallier, 1982).  

MTF requires a technician with basic training in microbiology. However, this method 

can be extremely tedious and labor intensive, since many dilutions must be processed 

multiple times for every water sample. On the other hand, it is relatively inexpensive, 

as all laboratory equipment required is low cost and unsophisticated. Nevertheless, 

there is still a big disadvantage: it is too time-consuming, requiring about 48 hours for 

incubation and reaction (Wang et al., 2015). 

 

2.5.2 Membrane filter technique 

The MF technique is the most common procedure for monitoring drinking water 

microbial quality in many countries. In the MF method, a water sample is passed 

through on a sterile filter which can retain bacteria with a 0.45-μm pore size. After 

filtering the water sample, the filter is incubated on a plate with selective medium and 

typical colonies on the filter are enumerated (Rompré, Servais, Baudart, De-Roubin, 
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& Laurent, 2002). There are several factors that can have effects on filtering and 

detecting results (Ye, Zhang, Yashima, Aung, & Naito, 2007): pore size of the 

membrane, membrane material, operating conditions (pressure and water flow), the 

volume filtered and plate medium selectivity.  

MF is a relatively simple method to operate so it is a popular technique for the 

majority of water quality laboratories. With limited lab equipment and instruments, 

many samples can still be processed in one or two days by a lab technician with basic 

microbiological knowledge and training. However, a confirmation step is needed for 

some MF methods because of the insufficient specificity of traditional MF, which 

could take about 24 h after the first incubation period on selective media (Van Rijn, 

1998). 

Even though MF is accepted as an approved technique to monitor drinking water, 

there are still some questions about detection accuracy that have arisen. It was shown 

that numbers of heterotrophic bacteria decreased coliform and overcrowding of 

colonies on the filter caused a reduction in coliform colonies detected. What’s more, 

MF cannot recover some injured or stressed coliforms. In the progress of water 
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treatment, many physical and chemical factors can cause injury to coliforms. As a 

result, it causes damage to cells and prevents damaged cells from forming a colony on 

a selective medium (Burlingame, McElhaney, Bennett, & Pipes, 1984). 

 

2.5.3 Polymerase chain reaction methods 

The polymerase chain reaction (PCR) is a popular molecular detection method which 

uses a thermostable polymerase enzyme (e.g., the Taq enzyme) to produce multiple 

copies of target DNA (Toze, 1999).  PCR has been used for some time in clinical 

testing and water research, but it is relatively new to the water testing sector. When 

measuring bacteria levels with PRC methods, primer development is not easy because 

the coliform group is a diverse group, which contains many genera. As a result, 

primers must be specific enough that they do not detect closely related non-coliforms. 

A DNA primer that matches selectivity of other methods for E. coli has not yet been 

found. 

Compared with culture-based methods, PCR is time-saving while still as sensitive. 

PCR can also detect some microorganisms that cannot be detected by culture 
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methods. The clinical study of PCR has been further developed and the field has been 

expanded (Wang et al., 2008). For water monitoring, the PCR method is not yet 

widely used, because of certain disadvantages of this method. Firstly, it can't tell the 

difference between dead and living cells since DNA may survive even after cells have 

been killed, such as during treatment, resulting in false-positive results (Kramer, 

Obermajer, Matijasic, Rogelj, & Kmetec, 2009). There are modified PCR methods to 

reduce detection of dead cells, but these are more complicated. Secondly because 

PCR is highly sensitive, inhibitors in environmental samples can inhibit PCR 

response. For example, humic acid can interact with the template DNA and the 

polymerase thus preventing the enzymatic reaction even at low concentrations 

(Sutlović et al., 2008), and any pollution may contain inhibitors that will result in 

false-negative results. Finally, PCR is much more expensive and requires a much 

higher level of expertise than the other methods. 
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2.5.4 Traditional methods’ strengths and weaknesses 

Classical culture methods for detection of total and fecal coliforms in natural waters 

including MTF and the MF techniques have been widely used since 1960. Although 

the tests are simple to perform, they are time-consuming, requiring 48 h for the 

presumptive results, and need to be done in a laboratory (Lin & Ganesh, 2013). PCR 

technology is becoming more and more popular in recent years. However, its 

uncertain results and over-sensitivity has limited its application for water quality 

detection.  

For the traditional methods, there’s a common serious disadvantage: any test has to be 

done in the laboratory (lab), conducted by a professional technician. It is extremely 

inconvenient if people must send water samples back to a lab to test water bacteria 

levels during a long-term field study. Sometimes there is no ability for people to send 

water samples to a lab from a remote location,let alone to have a well-trained 

technician available. As a result, a new, automated and portable water quality 

detection instrument is needed. 
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3. New Method: TECTATM B16 Automated Rapid 

Microbial Detection Systems 

3.1 Overview of the TECTA system 

The TECTA is an automatic, self-contained microbiology detection system that 

provides unprecedented time-to-result detection (TECTA-PDS, 2017). E.coli and total 

coliform results of water samples can be received in 2-18 hours, depending on the 

levels of contamination. Early notification and warning will be given as soon as the 

positive bacteria results occur. TECTA can also provide fecal coliforms and 

enterococcus levels. The dynamic range of the TECTA system is from 1 to 106 CFU 

in 100 ml without any requirement for sample dilution. Since bacteria level is one of 

the most important parameters of water quality and TECTA provide can rapid 

bacteria results, the TECTA system can make a contribution to water quality 

monitoring and help to maintain water quality sustainability. 
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Figure 1: TECTATM B16 Automated Rapid Microbial Detection Systems 

The TECTA system is the technology from Queen’s University and has been 

commercialized by TECTA-PDS in Kingston, Canada. It can monitor bacteria types 

such as E.coli, total coliforms, fecal coliforms and enterococcus. 

 

Unlike traditional water bacteria detection methods like MTF, MF and PCR 

technology, the TECTA technology can be used onsite, and the automatic detection 

process eliminates the need for an expert technician. However, even though the 

detection process is automatic, there are also some conditions that can influence the 

result accuracy, such as turbidity. Experiments have to be done to provide evidence 

whether turbidity could have an effect or not and if yes, to determine how turbidity 

can affect the detection process. 
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3.2 Theory of the TECTA system 

In brief, the theory of the TECTA system is that the fluorescent product detected with 

the fibre-optic fluorescence probe can reflect the presence of bacteria. Figure 2 shows 

a schematic for E. coli detection in the TECTA system. Directed substrates and 

culture ingredients are preloaded in the single use cartridges. Water-soluble substrates 

are converted into fluorescent products with the catalysis of enzyme produced by 

bacteria. E.coli and total coliforms can produce the glucuronidase enzyme and the 

galactosidase enzyme, respectively. Pyrene-glucuronide is used as the E.coli test 

substrate and anthracene-galactoside is used as the total coliforms test substrate 

(Figure 3).  

In the E.coli detection reaction, the glucuronidase enzyme converts pyrene-

glucuronide to glucuronic acid and 1-hydroxypyrene; in the reaction of total coliform 

detection, the galactosidase enzyme converts anthracene-galactoside to galactose and 

2-hydroxyanthracene (Brown et al., 2010). 1-hydroxypyrene and 2-

hydroxyanthracene are fluorescent products that are extracted by the polymer and 
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then under the ultraviolet (UV) light through the fibre-optic probe, product 

fluorescence is detected by a miniature spectrometer.  

 

Figure 2: Schematic for E.coli detection in TECTA system. 

The targeted substrate and culture ingredients are pre-loaded in the cartridge. Bacteria 

make enzymes to convert the substrate and make fluorescent products. Fluorescent 

product indicating presence of bacteria partitions into polymer material and is 

detected with the fibre-optic fluorescence probe.  
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Figure 3: Substrates and enzyme reactions of the TECTA system (Brown et al., 2010)  

The glucuronidase enzyme converts pyrene-glucuronide (A) to glucuronic acid (B) 

and 1-hydroxypyrene (C); The galactosidase enzyme converts anthracene-galactoside 

(D) to galactose (E) and 2-hydroxyanthracene (F). 

 

The polymer is designed for only extracting fluorescent products without detecting 

targeted substrates. The presence of a fluorescent signal indicates enzyme activity 

and, in turn, the presence of bacteria,.  

The TECTA system has already been commercialized by TECTA-PDS (Kingston, 

Canada) and has been applied in many places for various purposes. In 2015, it has 

been used for recreational water quality management in Ontario, Canada 



 30 

(Bramburger, Brown, Haley, & Ridal, 2015). In 2019, it has been applied in the 

Florida Keys to evaluate the potential impacts of Hurricane Irma on beach water 

quality (Roca, Brown, & Solo-Gabriele, 2019). And Bagsik et al. are currently trying 

to demonstrate that the TECTA system is equivalent to Philippine drinking water 

quality detection standard methods (Bagsik, Reyes, & Sulibit, 2019). 

After single use cartridges are inserted into the testing unit, fluorescence signals are 

continually monitored for 18 hours. Two wavelengths of signal are monitored, one for 

galactosidase enzyme product (TC) and the other for glucuronidase enzyme product 

(EC). Figure 4 is an example of EC signals recorded in the TECTA system (Brown et 

al., 2010). If the signal level exceeds a specific threshold, the samples would be 

classified as “positive” or “present”. Samples which do not reach a threshold signal 

before 18 hours would be defined as “negative” or “absent”. In Figure 4, there were 3 

water samples with EC 25922 levels of 25 cells, 180 cells, and 1400 cells. It was 

obvious that all samples had the same tendency of signal changes. Their signal would 

not increase until 10 to 12 hours. After the signal started to go up, it reached the 

threshold and continued to increase dramatically. After around 3 hours, the signal 
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reached a maximum because all substrate was consumed by bacteria. Then signals 

went down after the maximum because of photobleaching with further UV 

illumination. The higher concentration of bacteria causes the signal to increase earlier 

and the TTD would be shorter.  

 

  

Figure 4: Signal from TECTA system during incubation of positive E.coli samples 

Threshold is the signal required for a positive sample. Signal increases and reaches a 

maximum after all substrate is consumed by the bacteria. Signals decrease after the 

maximum because of photobleaching with further u.v. illumination. 

 

A screen on the TECTA instrument shows the test status. The signal interpretation is 

completed by the software, stored in the system, and the result shown on the screen. A 
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result of “positive” or “present” will be displayed the moment a signal is over the 

threshold, or “absent” if there is not threshold signal after 18 hours. A more detailed 

result can be archived from the system after the test.  

Figure 5 shows the calibration of TECTA system for Lake Ontario samples by 

plotting the average time-to-detection (TTD) value against the log (base 10) of the 

average CFU value from another method. TTD is the time when signal crosses the set 

threshold. In Figure 5, the plot shows a linear relationship between average TTD and 

logarithm of the average CFU value. As a result, based on the linear relationship, 

bacteria level can be calculated as long as TTD is known. Longer TTD implies lower 

bacteria level, and vice versa.  
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Figure 5: Calibration of the TECTA system for Lake Ontario samples by plotting the 

average TTD value against the log (base 10) of the average CFU value (Brown et al., 

2010) 

 

3.3 Advantages of the TECTA system 

The most obvious advantage of the TECTA system is convenience. First of all, it is a 

self-contained instrument with a constant temperature incubator, detection system, 

and digital processing system. Compared to traditional methods and instruments, it is 

relatively portable. Water quality detection in a remote area is possible which, to 

some extent, contributes to UNSDG 6. Since it is automatic, anyone can operate it 

with no requirement for specialized training except for sample collection. In addition, 
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the results can be archived from the system and forwarded electronically to devices 

including computer, smart phones and tablets. Futhermore, bacteria detection can be 

done at any time. It only takes a few minutes to load water samples into cartridges and 

operate the system. In conclusion, with the TECTA system, water bacteria detection 

would be more fast, convenient, and can be done in remote areas.  

 

3.4 Hypothesis 

In brief, there are four steps that occur in the TECTA detection process: 1) the 

TECTA system provides bacteria media and incubation for bacteria to grow and 

produce indicator enzyme; 2) the enzyme converts targeted water-soluble substrate to 

hydrophobic fluorescent product; 3) the polymer extracts fluorescent product and 

isolates it from solution; 4) fluorescence is detected through the optical fibre and 

signal obtained from the spectrometer. We hypothesize turbidity particles can affect 

the detection at each step (Table 4). Turbidity particles can inhibit the growth of the 

bacteria in the first step of the reaction, causing bacteria to grow more slowly than it 

is supposed to, making the following three steps (bacteria produce enzyme; 
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fluorescent product produced; signal detection) occur later and finally cause a signal 

delay. Turbidity particles can also inhibit the enzyme reaction with the substrate, 

resulting in less fluorescent product causing signal lower than normal. In addition, 

turbidity particles can also bind or adsorb the fluorescent product and prevent it from 

being extracted by the polymer. This interference also reduces the amount of 

fluorescent product that will go into the polymer and be detected by the spectrometer, 

also causing lower signal. Last but not least, turbidity particles may adsorb onto the 

polymer which could create incorrect signal from scatter of the UV light. Additional 

signal analysis should be done to authenticate each hypothesis. 
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Table 4: Possible ways that turbidity particles can interfere with bacteria detection 

Ways of interference  Results 

Inhibit or slow down the growth of the bacteria signal delay 

Inhibit the enzyme reaction with the substrate to generate the 

fluorescent product 

signal lower 

Bind or adsorb the fluorescent product and prevent it from being 

extracted by the polymer 

signal lower 

Adsorb onto the polymer and create a false detection signal signal change 
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4. Experimental Methods 

4.1 Turbidity interference experiments 

4.1.1 Methods 

Turbidity is an optical determination of water clarity (Woodruff, Stumpf, Scope, & 

Paerl, 1999). Turbid water will appear murky, cloudy, or otherwise colored, affecting 

the physical look of the water. The turbidity of water is based on the amount of light 

scattered by particles in the water column (USGS, 2014). The more particles that are 

present, the more light that will be scattered. Turbidity can originate from inorganic 

suspended sediment such as silt or clay, or organic matter such as algae, plankton or 

humic acid (HA) which refers to the tea color produced from decaying plants and 

leaves underwater due to the release of tannins and other molecules. Turbidity can 

interfere with the TECTA system, in principle, if particles collect around the polymer 

and scatter the optical signal, or if particles adsorb the fluorescent products resulting 

in less going into the polymer. 

In order to test our hypothesis, we require water samples with turbidity of different 

levels. In this project, we modeled turbidity by using kaolin for inorganic particles 



 38 

and HA for organic particles. Humic substances are organic compounds that are 

important components of humus, the major organic fraction of soil, peat, and coal. 

During the 19th and 20th centuries, humic substances were often viewed through 

acid–base theory that described humic acids as organic acids, and their conjugate 

bases, humates, as important components of organic matter (Zepp, Baughman, & 

Schlotzhauer, 1981). HA is a dark-brown humic substance that is soluble in water at 

higher pH values. HAs are complex molecules that exist naturally in soils, peats, 

oceans and fresh waters. Kaolin is a kind of clay and the main component of the 

kaolinite group of clay minerals (Balcke et al., 2002). Kaolinite includes the group of 

industrial minerals with the chemical composition Al2Si2O5(OH)4 (Howie, Zussman, 

& Deer, 1992). Kaolin is representative of clay minerals found in soil and water, and 

has been used as a turbidity standard in turbidimeter instruments (Sadar, 1999). HA 

and kaolin were used to produce turbid water for the study of removal of organic 

substances from low-turbidity water with metal-polysilicate coagulants (Cheng, Chi, 

Li, & Yu, 2008). Moussas and Zouboulis mixed HA and kaolin suspensions in water 

to make high or low turbid water to test the efficiency and function of their new 
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inorganic–organic composite coagulant in different turbid water (Moussas & 

Zouboulis, 2009). 

 

4.2 Experimental design and execution 

4.2.1 Turbidity test 

Turbidity tests employing HA and kaolin were used in preliminary experiments for 

the study. Water samples with different turbidity levels were made by adding different 

amount of HA and kaolin into autoclaved, dechlorinated tap water. Turbidity was 

tested using a portable turbidity meter 2100Q (Figure 6) from Hach, Inc. which can 

measure turbidity from 0 to 1000 NTU (Nephelometric Turbidity Units). Various 

turbidity solutions were made by adding 0mg, 50mg, 100mg, 150mg and 200 mg of 

HA into 100ml of autoclaved tap water (Figure 7), and 0mg, 10mg, 20mg, 30mg, 

40mg, 50mg of kaolin into 100ml of autoclaved tap water (Figure 8). Turbidity was 

measured by the meter after the particles were well mixed with water.  
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Figure 6: Measure the turbidity with 2100Q portable turbidity meter. 

 

 

Figure 7: Turbidity samples with HA 
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Figure 8: Turbidity samples with kaolin 

 

4.2.2 Tests in the TECTA with bacteria 

After the turbidity tests, the next experiment was designed to check if the turbidity 

particles interfered with the TECTA detection system. Water samples were made with 

0mg, 50mg, 100mg, 150mg, and 200mg of HA and 0mg, 10mg, 20mg, 30mg, 40mg, 

and 50mg of kaolin added into 100ml dechlorinated tap water. The turbidity of the 

water samples was measured before adding 1000 CFU E.coli 25922 to each and 

running samples in the TECTA. Chlorinated water can reduce the level of viable 

bacteria (Beuchat, Nail, Adler, & Clavero, 1998), so dechlorinated water was used.  
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Figure 9: Water samples with E. coli bacteria and HA prepared to run in the TECTA 

system.  

 

Analysis was then conducted on signal curves from the TECTA for samples with 

different concentrations of particles compared with the signal from the water samples 

without kaolin or HA, to determine any interference.  

 

4.2.3 Tests in the TECTA without bacteria 

Tests without bacteria were carried out to verify whether turbidity particles caused 

false signal. Tests without bacteria were compared with the tests with bacteria. 

Samples with 0mg, 10mg, 20mg, 30mg, 40mg, and 50mg kaolin added into 100ml 

dechlorinated tap water without bacteria were run in the TECTA detection system. 
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4.3 Yangtze River Expedition 

4.3.1 Background of the Yangtze River Basin 

Winding about 6380 kilometers (km), the Yangtze River is the longest in China and 

the third longest in the world after the Nile in Africa and the Amazon in South 

America. Originating from the Tanggula Range in Qinghai Province in the west of 

China, it traverses eleven provinces from west to east, including Qinghai, Tibet, 

Sichuan, Yunnan, Chongqing, Hubei, Hunan, Jiangxi, Anhui, Jiangsu and Shanghai. 

Finally it flows into the East China Sea at Shanghai (Muranov & Greer, 2018). It has 

plentiful tributaries including Min River, Han River, Jialing River, Gan River, and 

Huangpu River. The Three Gorges Dam on the river is the largest dam project and 

hydropower station in the world. Generally, people consider the river a dividing line 

between North China and South China.  

As the largest water system in China, the Yangtze River is an important support for 

China's development. It is not only a guarantee for sustainable economic and social 

development, but also carries historical and cultural values. However, due to the 

impact of natural climate change and the intensification of unreasonable development 
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activities, the water ecology and water environment of the Yangtze River are facing 

severe challenges. The main problems of the Yangtze River are water pollution, flood 

and deteriorating function of the ecosystem. Recognizing this, President Xi Jinping 

has taken measures to conserve the river basin. In January 2016, he announced the 

creation of the Yangtze River Economic Belt (YREB). During the 19th Party 

Congress, in October 2017, the President emphasized that YREB development should 

be protection-oriented rather than development-oriented (Xinhua, 2016). The YREB 

is critical for China to achieve sustainable development of water resources. 

 

4.3.2 Sample collecting and experiments during the expedition 

An expedition of the Yangtze River was a joint project shared by the Chinese 

government, the World Wildlife Fund (WWF) and Tongji University in the summer 

of 2019, from Yibin, Sichuan on May 4th to Shanghai on June 12th . Surface water 

samples of Yangtze River were collected regularly during the trip. The ship sailed 23 

days and stopped at 19 docks. Table A1describes characteristics of the 75 water 

sampling locations during the expedition. Samples were collected about every 50 km 
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and at some locations with special geographic feature such as tributaries, featured 

lakes and positions before and after dams. Among the sites, the coordinates of 

location number 46 were lost because of the portable Global Positioning 

System (GPS) was out of battery power. The TECTA detection system was 

transported on the ship to provide rapid detection of bacteria in the Yangtze River.  
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5. Results and Discussion 

5.1 Turbidity interference experiments 

5.1.1 Turbidity test result 

5.1.1.1 Humic acid turbidity result 

Turbidity was measured from samples with 0mg, 50mg, 100mg, 150mg and 200 mg 

of HA in 100ml of dechlorinated tap water (Table A2) and Figure 10 reveals good 

linearity of the relationship between turbidity and HA concentration. This means we 

could create water samples of different turbidity level based on the linear relationship. 

The equation (y = 228.97x - 1.3733) could be used to calculate how much HA should 

be added to make a water sample with a certain turbidity level.  
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Figure 10: Linear relationship between turbidity and HA concentration for samples 

with 0mg, 50mg, 100mg, 150mg and 200 mg of HA in 100ml of dechlorinated tap 

water. 

 

5.1.1.2 Kaolin turbidity result 

Turbidity was measured in solutions with 0mg, 10mg, 20mg, 30mg, 40mg, 50mg of 

kaolin added into 100ml autoclaved tap water (Table A3) and Figure 11 shows good 

linearity of turbidity vs. concentration. As for the HA experiments, based on the linear 

relationship, water samples with different kaolin turbidity levels could be created 

according to the equation (y = 1783.6x + 1.0286). 
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Figure 11: Linear relationship between turbidity and kaolin concentration in solutions 

with 0mg, 10mg, 20mg, 30mg, 40mg, 50mg of kaolin added into 100ml autoclaved 

tap water. 

 

5.1.2 Bacteria detection with humic acid in the TECTA system 

 

Chamber HA (mg/ml) Turbidity (NTU) EC TTD  TC TTD  

1 N/A 19.8 10:18 10:50 

2 0.5 93.9 10:29 11:29 

3 1 220.7 10:57 11:44 

4 1.5 329.0 11:06 11:37 

5 2 474.7 11:20 11:45 

Table A4 shows the result of bacteria detection with HA in TECTA system. With the 

same amount of spiked EC 25922, the TTD results of each chamber were different. 
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As the concentration of HA increased, both EC TTD and TC TTD became longer, 

leading to bacteria level results lower than the value for the same bacteria samples 

with no HA. Figure 12 and Figure 13 show optical signals from the TECTA system 

for EC and TC modes respectively. From EC results, it was obvious that as HA level 

increased, signal delay occurred. The higher the concentration, the longer the delay. 

Plotting the signal over 18 hours show that the signals are lower than the blank 

sample with no HA, and the signals continually decrease with increasing HA level. 

The signal started to increase from bacteria growth around the 10th hour and the signal 

delay can be seen at that time. Possible reasons for the delay include that HA slowed 

the growth of bacteria, inhibited the enzyme reaction with the substrate, or prevented 

fluorescent products being adsorbed by the polymer. The E.coli amount reported for 

the longer TTD was lower than the actual level.  
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Figure 12: EC optical signal from the TECTA system. Chamber 1 (CH1) to chamber 

5 (CH5) had water samples with 1000 CFUs E.coli 25922, and the concentration of 

HA being 0mg/ml, 0.5mg/ml, 1mg/ml, 1.5mg/ml and 2mg/ml respectively. 

 

From TC signal, the results were approximately the same (Figure 13). Overall, HA 

caused delayed TTD and lower signal. The signal increase from bacteria growth 

occurred from the 10th hour as well. The TC signal also suggested that HA interfered 

with bacteria growth, the enzyme reaction, or fluorescent production transfer. 

However, the TC effect caused by HA was not as serious as the EC effect and the TC 

signal curves were more adjacent to each other than EC curves. As a consequence, 

interference from HA on TC was not as much as that on EC. 
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Figure 13: TC optical signal from the TECTA system. Chamber 1 (CH1) to chamber 

(CH5) had water samples with 1000 CFUs E.coli 25922, and the concentration of HA 

being 0mg/ml, 0.5mg/ml, 1mg/ml, 1.5mg/ml and 2mg/ml, respectively. 

 

In summary, HA caused both delayed EC and TC TTD and lower signal. In the 

detection process, HA may have interfered with the detection by slowing down 

bacteria growth, influencing the enzyme reaction, or inhibiting fluorescent product 

going into the polymer, which caused E.coli results reported to be lower than the 

actual amount.     
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5.1.3 Bacteria detection in samples with kaolin 

Table A5 gives the results of bacteria detection with kaolin in the TECTA detection 

system. With the same amount of spiked EC 25922, the TTD results were similar for 

0 and 10 mg of kaolin (turbidity 180 NTU), and then the EC TTD decreased slightly 

at 20 mg kaolin (320 NTU). At kaolin levels of 30 mg and higher, the EC TTD 

suddenly decreased to about 2 h and stayed at that level. The TC TTD values drifted 

down and then up with increasing kaolin, but the changes were small and may not be 

significant.  

Figure 14 and Figure 15 show optical signal results from the TECTA system for EC 

and TC signals, respectively. For the EC signal curves, from the start of the test the 

signal started to increase, resulting in the TTD values of only 2 hours for the higher 

kaolin levels. The signal of the water sample without kaolin remained at the same 

level until the 10th hour when the growth of bacteria made enough enzyme to create 

signal. Since the signal increase occurred early and was greater with higher turbidity 

level, this suggests that the early signal was not caused by the bacteria, but was 

created by the kaolin turbidity particles. On the other hand, after the 10th hour, all the 
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curves seemed to have the same tendency where they showed bacteria growth, 

different from HA signal curves. There was no delayed signal from growth and the 

signal did not decrease, so kaolin didn’t seem to interfere with bacteria growth, 

enzyme reaction, or fluorescent product transfer. 

 

 

Figure 14: EC optical signal from the TECTA system. Chamber 6 (CH6) to chamber 

11 (CH11) had water samples with 1000 CFUs E.coli 25922, and the concentration of 

kaolin being 0mg/ml, 0.1mg/ml, 0.2mg/ml, 0.3mg/ml, 0.4mg/ml and 0.5mg/ml 

respectively. 

 

From TC optical signal curves, there was no false signal in the first 10 hours, nor any 

apparent delay in the signal from bacteria growth. Thus, kaolin didn’t affect TC 

detection in the TECTA system. 
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Figure 15: TC optical signal from the TECTA system. Chamber 6 to chamber 11 had 

water samples with 1000 CFUs E.coli 25922, and the concentration of kaolin being 

0mg/ml, 0.1mg/ml, 0.2mg/ml, 0.3mg/ml, 0.4mg/ml and 0.5mg/ml respectively. 

 

In conclusion, in the EC and TC detection process, kaolin did not seem to interfere 

with bacteria growth, enzyme reaction or inhibit fluorescent product going into the 

polymer. However, kaolin created false signal during the EC detection process. On 

the contrary, TC signal was not affected by kaolin.  
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5.1.4 Signal from samples containing only kaolin 

To verify that kaolin caused the false signal when detecting E.coli in the TECTA 

system, water samples with only kaolin as turbidity particles and with no bacteria 

were tested.  

Table A6 gives the results of detection with only kaolin in the water samples. Samples 

with 0, 10mg 20mg, 30mg, 40mg and 50mg kaolin in 100ml dechlorinated water were 

run in TECTA system. The E. coli level should be absent. However, samples with 

20mg or more kaolin were detected in about 2 h, similar to the previous results for 

high kaolin concentrations with bacteria. According to the data, it has been confirmed 

that kaolin can interfere with EC detection in the TECTA system. The TC results 

were all absent as expected, confirming that kaolin did not interfere with TC 

detection. 

Figure 16 shows the EC optical signal results for kaolin samples without E.coli. On 

the one hand, compared with Figure 14, signal for samples with kaolin also started to 

increase from the beginning and then leveled off, where the maximum signal was 

proportional to the concentration of kaolin. Different from Figure 14, after the signal 
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stabilized, it did not increase further after 10 h because there was no bacteria growing 

and creating fluorescent signal. It can be concluded that the influence of inorganic 

turbidity particles from kaolin on bacteria detection in TECTA system was stronger as 

the concentration of particles became higher. Even though kaolin caused false signal, 

the signal did not reach a maximum level immediately, instead, there was a two-hour 

period of increasing signal. That was likely because kaolin slowly settled and 

accumulated on or into the polymer to cause the false signal. The time that this 

process required depended on the concentration of kaolin. 

 

Figure 16: EC optical signal-turbidity from the TECTA system.Chamber 1 (CH1) to 

chamber 6 (CH6) had water samples with no bacteria, and the concentration of kaolin 

being 0mg/ml, 0.1mg/ml, 0.2mg/ml, 0.3mg/ml, 0.4mg/ml and 0.5mg/ml respectively. 
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Figure 17 shows the TC optical signal from kaolin samples without E.coli. It was 

obvious that all signal remained stable from the beginning to 18 hours. No additional 

signal was created during the detection process. This result confirmed that kaolin 

would not interfere with TC detection in TECTA system. 

 

Figure 17: TC optical signal from TECTA system. Chamber 1 (CH1)to chamber 6 

(CH6) had water samples with no bacteria, and the concentration of kaolin being 

0mg/ml, 0.1mg/ml, 0.2mg/ml, 0.3mg/ml, 0.4mg/ml and 0.5mg/ml respectively. 

 

5.1.5 Spectrum signal analysis of kaolin sample 
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experiments, the way that turbidity particles influenced the detection process are  

unknown. Since the working principle of the TECTA detection system is based on 

fluorescence being produced and detected, the spectrum signal analysis could 

contribute to determining how kaolin particles could create a false signal. Spectral 

signals were obtained from the TECTA detection system by turning on a full-

spectrum data collection mode.   

 

 

Figure 18: Spectrum signal from TECTA detection system with E.coli 25922. Four 

representative spectra are for 1 hour, 5 hour, 8 hour and 18 hour. The three later lines 

had the same tendency with four peaks at around 385nm, 405nm, 428nm and 485nm. 
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Figure 18 shows the spectrum signals at different times from the TECTA system for a 

control sample with 1000 CFU E.coli 25922. Four representative spectra are shown in 

Figure 18 for 1 hour, 5 hour, 8 hour and 18 hour. The three later lines had the same 

tendency with four peaks at around 385nm, 405nm, 428nm and 485nm, though the 

peak at 485nm was a little hard to observe. In the detection process, the first peak at 

385nm was used to detect E.coli and the last peak at 485nm was used to detect total 

coliform, corresponding with the fluorescent products of E.coli and total coliform, 

respectively (see Figure 3). As for the peak at 405nm and 428nm, enzyme activity 

was generating the signal at those wavelengths, however, it could not be distinguished 

if the signal was produced by E.coli or total coliform since both products produce 

signal at those wavelengths.  
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Figure 19: Spectrum signal from TECTA detection system with just kaolin. Four 

representative spectra are for 1 hour, 5 hour, 8 hour and 18 hour. All lines had the 

same tendency and the peak was at 375 nm. 
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false signal and interfered with E.coli detection. When looking at 485nm, the 

wavelength used for total coliform measurement, in Figure 19, there was no 

additional signal from kaolin, matching the result that kaolin didn’t create false signal 

and didn’t interfere with the total coliform detection. 

 

5.2 Water monitoring during the Yangtze river expedition 

During the expedition, surface water samples from a depth of around 1m were 

collected every 50 km and at some locations with special geographic features such as 

tributaries, featured lakes and before and after major dams. Figure 20 shows E.coli 

results for the Yangtze River from this expedition. Overall, the E.coli level was under 

1000 CFU/100ml, with the exception of the first 500km and the dock areas of some 

cities. The four cities with the highest level of E.coli were Yunyang, Huangshi, 

Nanjing and Jingzhou, with Yunyang having the highest level. In 2015, the Yangtze 

River in Yunyang district was highly polluted and suffered from algae bloom with the 

color of Yangtze River turning to deep green (Xinhua, 2015). When we were sailing 

through Yunyang in 2019, there was still lots of algae noted. Nanjing is a large city 
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with a population of 8.33 million residents (Government of Nanjing, 2018). The large 

number of residents may have resulted in high bacteria level in the Yangtze River. 

Huangshi and Jingzhou both belong to Hubei province that is still facing serious 

industrial pollution problems (China Business Network, 2019). The high level of 

E.coli may have largely come from the release of industrial sewage. In general, E.coli 

levels were relatively much higher at docks than in the main channel of the river, 

which suggests that human activities could be a main source of water pollution.  

 

 

Figure 20: E.coli levels in the Yangtze River from the expedition of May 2019. Yibin 

corresponds to 0 km and Shanghai corresponds to 2200 km. 
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Figure 21: Turbidity levels of the Yangtze River from the expedition of May 2019. 

Yibin corresponds to 0 km and Shanghai corresponds to 2200 km. 
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to Chongqing area, which is one of the largest cities in China with the regional 

population over 30 million (Government of Chongqing, 2019). After around 550km, 

the turbidity level went down suddenly owing to the Three Gorges Dam. The Three 

Gorges Dam is a hydroelectric gravity dam that spans the Yangtze River by the town 

of Sandouping, in Yiling District, Yichang, Hubei province, China. The Three Gorges 

Dam has been the world's largest power station in terms of installed capacity since 

2012 (Lollino et al., 2014). From the results, sands and sediments were partly 

obstructed by the Three Gorges Dam causing the turbidity level to be lower than 

before the dam. After the Three Gorges Dam, the turbidity level remained stable with 

a slight increasing tendency. Finally, the turbidity level was around 40 NTU near 

Shanghai. It should be noted that all measured turbidity levels were below the levels 

needed to see direct interference in the TECTA results (see 5.1.3), so no effects of 

turbidity on the TECTA results for the Yangtze River were expected. 

Figure 22 shows the combined data for E.coli and turbidity in the Yangtze River. In 

general, there was not an obvious correlation between E.coli and turbidity level. 

However, before 500km (above Three Gorges Dam) as the turbidity decreased, E.coli 
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levels went down as well. Maybe turbidity was from the same source as the bacteria, 

which means bacteria came from the sands and mud of the tributaries and river bank, 

and flowed into the Yangtze River. After the Three Gorges Dam, there was no 

relationship between turbidity and bacteria level. Possibly bacteria were from sources 

like industrial and domestic sewage instead of sources that produce sands or mud. 

Despite clear water in the lower part of the river, there was still be a great number of 

bacteria in some locations. The study of the connections between bacteria and 

turbidity could be a method to roughly identify the sources of bacteria. Figure 23 is 

combination data of E. coli and total coliform of the Yantze River from the 

expedition. Overall, total coliform levels were higher than E. coli levels but followed 

the exact same trend, suggesting that they came from the same sources into the 

Yangtze River (See data in Table A7). So in this thesis, only E. coli data of the 

Yangtze River was discussed for the evaluation of water quality and ecosystem 

health.  
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Figure 22: E.coli and turbidity levels of the Yangtze River from the expedition of 

May 2019. Yibin corresponds to 0 km and Shanghai corresponds to 2200 km. 

 

 

Figure 23: E. coli levels (circles) and total coliform levels (diamonds) of the Yangtze 

River data from the expedition of May 2019. Yibin corresponds to 0 km and Shanghai 

corresponds to 2200 km 

 

 

1

10

100

1000

10

100

1000

10000

100000

0 500 1000 1500 2000 2500

T
u
rb

id
it

y
 (

N
T

U
)

E
.c

o
li

 f
ec

al
 b

ac
te

ri
a 

(C
F

U
/1

0
0
 m

L
)

Distance traveled (km)

Water quality profile of Yangtze River

Data from Expedition of May 2019

E. coli

Turbidity

0

100000

200000

300000

400000

500000

600000

700000

800000

0

5000

10000

15000

20000

25000

30000

35000

40000

0 500 1000 1500 2000 2500

T
o

ta
l 

co
li

fo
rm

 b
ac

te
ri

a 
(C

F
U

/1
0

0
 m

L
)

E
.c

o
li

 f
ec

al
 b

ac
te

ri
a 

(C
F

U
/1

0
0

 m
L

)

Distance traveled (km)

Water quality profile of Yangtze River
Data from Expedition of May 2019



 67 

Figure 24 indicated the connection between the E. coli results and Chinese water 

classification. Based on GB3838-2002 (seeTable 3) the E.coli levels indicated that most 

of the Yangtze River is in class II or class III, which means most is available for uses 

from agriculture to drinking water (after treatment). In some cities the quality can 

decrease to class IV or class V, which suggests that emphasis is needed on protecting 

the river from increasing releases in developed or urban areas. This is in agreement 

with the background information of President Xi’s initiative, though a complete E. 

coli profile of the river was not available then. 

On the other hand, the classification from the bacteria results of the Yangtze River are 

consistent with official data from the Chinese government. It has been reported by the 

government that the water quality at 504 locations in the Yangtze River were 

measured in June 2019 and the proportion of water samples in class I to class V (and 

below) represented for 5.4%, 53.6%, 27.4%, 10.7%, 3%, respectively (China National 

Environmental Monitoring Center, 2019). The water of class II and class III 

accounted for 81% in total, which corresponded with the results from the expedition 
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in May. This coincidence, to some extent, indicated the reliability of the TECTA 

system for measuring the bacteria in real water samples. 

The E. coli levels determined during the expedition show that fecal contamination has 

occurred in the Yangtze River, especially in some large cities. Fecal pollution has 

been regarded as a serious environmental problem and may indicate serious risks for 

human health and for water ecosystems (Lipp et al., 2001). Despite the advancement 

of wastewater treatment technologies and management policies, this problem still has 

not been completely solved and fecal bacteria are frequently detected in many water 

environments (Ahmed et al., 2015). From E. coli results, it can be concluded that 

human activity is an important cause of fecal contamination since the E. coli levels 

were relatively higher at docks than at the locations between citiies. There might be 

several reasons, including i) large population of residents, ii) untreated industrial 

sewage and combined sewage overflows, iii) fecal bacteria remaining in the treated 

municipal wastewater.  

The Chinese government has taken measures to reduce or control the population 

(Hesketh, Lu, & Xing, 2005; Zeng & Hesketh, 2016). At the same time, even though 



 69 

there have been regulations from the government on sewage treatment, some 

industries still have not met the requirements before releasing sewage into the 

Yangtze River. Therefore, more enforcement of legislation needs to be implemented 

to insure the quality of the Yangtze River. The water classification indicates that most 

of the Yangtze River belongs to Class II and Class III, and some belong to Class IV 

and even Class V. For the water of Class II and III, it is safe for recreational activities 

such as swimming and boating. However, for water of Class IV and V, the water may 

be contaminated by pathogens that can cause disease, for example, typhoid fever, 

viral and bacterial gastroenteritis and hepatitis A. While E. coli do not directly cause 

disease, high quantities of fecal indicator bacteria suggest the presence of disease-

causing agents, an indicator that a potential health risk exists for individuals exposed 

to this water. In addition, pathogens may also affect the health of aquatic animals. 

Further studies need to be carried out to determine the exact influence on human and 

ecosystem health from the pathogens and related contaminants in the Yangtze River.  
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Figure 24: E.coli results from the Yangtze River expedition shown with Chinese 

water classification. Yibin corresponds to 0 km and Shanghai corresponds to 2200 

km. 
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expedition. Firstly, due to the uncertain power supply, some data were lost even with 

the support of an uninterruptible power source (UPS) system. Secondly, there was no 

opportunity to use other bacteria detection methods, such as MTF, to confirm the 

TECTA performance. Thirdly, the parameters tested (bacteria and turbidity) were not 

sufficient enough to evaluate water quality of the Yangtze River comprehensively. 

Further expeditions are needed with additional equipment to monitor more 

parameters, or a sample collection program to preserve samples for analysis in a 

laboratory after the expedition.  
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6. Conclusions and Future work 

6.1 Interference of turbidity particles in TECTA Detection 

System  

According to the experiments with HA and kaolin, with and without bacteria, overall, 

it can be concluded that both organic particles (HA) and inorganic particles (kaolin) 

can have interference with bacteria detection, though in different ways. 

HA could interfere with the bacteria detection in TECTA system by causing delayed 

EC or TC TTD and lower signal. HA interfered with the detection by either slowing 

down bacteria growth, influencing the enzyme reaction, or inhibiting fluorescent 

product going into the polymer; this caused E.coli results to be reported that were 

lower than the actual amount. The interference from organic particles on TC was not 

as severe as that on EC. If the turbidity level was not too high, staying below about 

150 NTU, it wasn’t expected that turbidity particles would have much interference 

with the test. Since the turbidity of most lake water and drinking water samples would 

be well under 150 NTU, organic turbidity particles would not affect the bacteria 

detection too much. However, when testing water samples with high turbidity like 
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sewage and other wastewater, analysis of signal curves should be carried out to verify 

whether organic particles would interfere with the EC and TC measurements. Further 

work would be needed to determine if TTD could be adjusted to correct the 

interference, or dilution of water samples could be done to reduce the turbidity level 

of the sample.  

Kaolin couldn’t interfere with total coliform detection but could interfere with E.coli 

detection in the TECTA system by creating a false signal. It was observed that the 

interference of kaolin would increase as its concentration in solution increased. On the 

other hand, similar to HA, if the turbidity level was below 150 NTU, it wasn’t 

expected that inorganic turbidity particles would have a large interference with the 

test. However, when testing a highly turbid water sample, spectrum analysis should be 

done to determine whether inorganic particles could influence the detection. If 

inorganic turbidity could interfere with the measurement, further action should be 

taken such as dilution or filtering of water samples, or more complicated signal 

analysis to adjust the TTD. 
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6.2 Significance of the Yangtze River Expedition  

By regularly measuring water bacteria levels from inland to the end, this expedition 

provided the profile of water quality from bacteria levels of the Yangtze River. It was 

the first time that real-time water bacteria monitoring was applied on the Yangtze 

River, which means bacteria level data could be obtained in a more timely way and 

government could even predict the impact in advance if E.coli level changes 

significantly.  

On the other hand, the Yangtze River is a whole ecosystem that cannot be examined 

only in parts. The Yangtze River is always flowing and every location has 

connections with others. It is unlikely that the government would support an 

expedition of the Yangtze River every month from the beginning to the end, whereas, 

the Yangtze River Basin can be divided into a number of sites that are managed or 

supervised by various people or organizations. Daily or monthly water quality 

parameters could be tested and the results can be compared between each site. In this 

way, the protection of Yangtze River would be more efficient. 
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Furthermore, the results from the expedition of the relationship between turbidity and 

E.coli level may indicate different sources of bacteria. Human and animal wastes are a 

primary source of bacteria in water. These sources of bacterial contamination include 

runoff from feedlots, pastures, dog runs, and other land areas where animal wastes are 

deposited. Additional sources include seepage or discharge from septic tanks, sewage 

treatment facilities, and natural soil/plant bacteria. If the sources of bacteria can be 

recognized, the solutions will be more pertinent. Then the precautions of pathogenic 

diseases would be more effective which meet the SDG 6 that insure availability and 

sustainable management of water and sanitation for all. 

 

6.3 Future research  

This project concentrated on the turbidity interference with bacteria detection in the 

TECTA system, and the application of the TECTA system in the Yangtze River in 

China to test its efficiency and reliability. 

Further research would focus on the following aspects: 
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i ) Explore how can HA cause lower signal i.e., by inhibiting bacteria growth, enzyme 

reaction or absorb fluorescent products. Culture methods such as MTF and MF would 

be carried out in the lab either with or without the TECTA system. Experiments with 

bacteria and HA could indicate the influence of HA on bacteria growth. Experiments 

with bacteria, HA and substrate could indicate the interference of HA on the enzyme 

reaction and production of fluorescent products. Experiments with fluorescent 

products and HA as well as signal analysis could indicate if HA interacts with 

fluorescent products.  

ii ) Update the TECTA system to reduce or correct for the interference from turbidity 

particles. Since organic particles can interfere with the bacteria detection, calibration 

can be adjusted to correct for various levels of turbidity. Inorganic particles can create 

false signals, so future work could include adding signal correction in the software in 

the system. More experiments would be needed to confirm the updated system. 

iii) Apply the TECTA system in more real watershed locations. The TECTA system 

was successfully applied in the Yangtze River in China in 2019 and produced reliable 

data. Water quality in Saint Lawrence River in Canada could be tested and compared. 
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The Saint Lawrence River, as one of the most important rivers in Canada, has some 

common features with the Yangtze River. They are facing the similar ecological 

issues: water quality and biodiversity both decreasing. In addition, the Saint Lawrence 

River and the Yangtze River both provide domestic water and drinking water for local 

residents. The application of the TECTA system in the Saint Lawrence River will 

make a contribution to the sustainable management of water resources in Canada. 

iv ) Measure more parameters of water quality in the Yangtze River in China. Since 

E.coli and total coliform levels were measured successfully during the 2019 

expedition, more parameters that relate to water quality should be tested in the next 

expedition. According to China’s water quality classification, there are many 

parameters that should be taken in to account for classification of the water. If more 

parameters could be measured, the water quality of the Yangtze River could be 

managed in a more comprehensive way to provide greater sustainability.   
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Appendix A 

Table A1 Basic information of sampling sites in the Yangtze River 

No Region Latitude (N) Longitude (E)  No Region 
Latitude 

(N) 

Longitude 

(E) 

1 Yibin-JinShajiang 28.74  104.60  

 

39 Honghu-Wuhan 30.39  114.16  
1 Yibin-JinShajiang 28.74  104.60   39 Honghu-Wuhan 30.39  114.16  

2 Yibin-Minjiang 28.78  104.60  
 

40 Wuhan 30.62  114.32  

3 Yibin-joint 28.77  104.63  
 

41 Wuhan-Huangshi 30.68  114.52  

4 Yibin-Yangtze River 28.77  104.68  
 

42 Wuhan-Huangshi 30.49  114.83  

5 Chongqing 29.55  106.57  
 

43 Huangshi 30.21  115.11  

6 Chongqing-Fuling 29.66  106.89  
 

44 Huangshi-Jiujiang 29.91  115.41  

7 Chongqing-Fuling 29.70  107.22  
 

45 Huangshi-Jiujiang 29.72  115.91  

8 Fuling 29.72  107.38  
 

46 Jiujiang-Hukou N/A N/A 

9 Fuling-Fengdu 29.89  107.49  
 

47 Jiujiang 29.74  116.00  

10 Fengdu-Wanzhou 30.10  107.87  
 

48 Jiujiang-Hukou 29.79  116.25  

11 Fengdu-Wanzhou 30.36  108.11  
 

49 Hukou-Poyang lake 29.66  116.16  

12 Wanzhou-Yunyang 30.71  108.41  
 

50 Hukou 29.75  116.22  

13 Yunyang 30.95  108.68  
 

51 Hukou-Pengze  29.79  116.27  

14 Yunyang-Fengjie 30.94  108.66  
 

52 Hukou-Pengze  29.79  116.28  

15 Yunyang-Fengjie 30.97  109.18  
 

53 Hukou-Pengze  29.85  116.38  

16 Fengjie-Badong 31.00  109.70  
 

54 Pengze 29.91  116.54  

17 Fengjie-Badong 31.03  110.20  
 

55 Pengze-Anqing 30.10  116.79  

18 Badong-Zigui 30.99  110.69  
 

56 Pengze-Anqing 30.47  116.98  

19 Zigui  30.85  110.97  
 

57 Anqing 30.50  117.07  

20 Zigui - Yichang 30.84  111.14  
 

58 Anqing-Tongling 30.70  117.35  

21 Zigui - Yichang 30.77  111.25  
 

59 Tongling 30.97  117.77  

22 Yichang 30.69  111.29  
 

60 Tongling-Wuhu 30.94  117.73  

23 Yichang - Jingzhou 30.53  111.40  
 

61 Tongling-Wuhu 31.14  118.00  

24 Yichang - Jingzhou 30.31  111.62  
 

62 Wuhu-Maanshan 31.41  118.34  

25 Yichang - Jingzhou 30.28  112.02  
 

63 Maanshan-Nanjing 31.81  118.52  

26 Jingzhou 30.30  112.25  
 

64 Nanjing 32.08  118.72  

27 Jingzhou- shishou 30.10  112.20  
 

65 Nanjing-Yangzhou 32.16  118.82  

28 Jingzhou- shishou 29.79  112.39  
 

66 Nanjing-Yangzhou 32.19  119.30  

29 shishou 29.70  112.64  
 

67 Yangzhou 32.27  119.45  

30 Shishou - Yueyang 29.76  112.69  
 

68 Yangzhou-Nantong 32.28  119.70  

31 Shishou - Yueyang 29.55  112.93  
 

69 Yangzhou-Nantong 32.00  119.97  

32 Shishou - Yueyang 29.48  113.12  
 

70 Yangzhou-Nantong 32.03  120.47  

33 Shishou - Yueyang 29.43  113.14  
 

71 Nantong 31.93  120.90  

34 Yueyang 29.40  113.10  
 

72 Nantong-Shangha 31.87  120.89  

35 Yueyang-Honghu 29.48  113.17  
 

73 Nantong-Shangha 31.59  121.29  
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36 Yueyang-Honghu 29.76  113.44  
 

74 Nantong-Shangha 31.40  121.77  

37 Honghu-Wuhan 30.00  113.87  
 

75 Shanghai  31.36  121.79  

38 Honghu-Wuhan 30.19  113.87            

 

 

 

 

Table A2 Results of turbidity experiments with HA 

chamber HA amount (mg) HA concentration (mg/ml) Turbidity (NTU) 

1 0 0 19.8 

2 50 0.5 93.9 

3 100 1 220.7 

4 150 1.5 329.0 

5 200 2 474.7 

The matrix was 100mls dechlorinated tap water. 

 

 

 

 

Table A3 Results of turbidity experiments with kaolin 

chamber Kaolin amount (mg/ml) Kaolin concentration (mg/ml) Turbidity (NTU) 

1 0 0 18.9 

2 10 0.1 183.7 

3 20 0.2 321.7 

4 30 0.3 532.0 

5 40 0.4 724.3 

6 50 0.5 901 

The matrix was 100mls dechlorinated tap water. 
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Table A4 Bacteria detection with HA results from TECTA system 

Chamber HA (mg/ml) Turbidity (NTU) EC TTD  TC TTD  

1 N/A 19.8 10:18 10:50 

2 0.5 93.9 10:29 11:29 

3 1 220.7 10:57 11:44 

4 1.5 329.0 11:06 11:37 

5 2 474.7 11:20 11:45 

The matrix was 100mls dechlorinated tap water and the target was 1000 CFUs E.coli 

25922. 

 

Table A5 Bacteria detection with kaolin results from TECTA system 

Chamber kaolin (mg/ml) Turbidity (NTU) EC TTD  TC TTD  

6 N/A 18.9 10:07 10:33 

7 10 183.7 10:06 10:47 

8 20 321.7 9:23 10:15 

9 30 532.0 2:15 10:59 

10 40 724.3 2:00 10:42 

11 50mg  901.0 2:03 11:07 

The matrix was 100mls of dechlorinated tap water and the target was 1000 CFUs 

E.coli 25922. 

 

Table A6 Detection with only kaolin without bacteria results from TECTA system 

Chamber Additive (mg) Turbidity EC ttd  EC 

cfu/100ml 

TC ttd  TC 

cfu/100ml 

1 N/A 19.37 Absent <1 Absent <1 

2 10mg Kaolin 178.67 Absent <1 Absent <1 

3 20mg Kaolin 334.33 2:28 10^8 Absent <1 

4 30mg Kaolin 559.67 2:00 10^8 Absent <1 

5 40mg Kaolin 786.00 2:00 10^8 Absent <1 

6 50mg Kaolin over range 2:00 10^8 Absent <1 

The matrix was 100mls of dechlorinated tap water and the target was 1000 CFUs 

E.coli 25922. 
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 Table A7 E.coli, total coliforms and turbidity results of the Yangtze River from the 

expedition in May 2019 

No Cum 

distance 

EC 

MPN/100ml 

TC 

MPN/100ml 

Turbidity  

(NTU) 

No Cum 

distance 

EC 

MPN/100ml 

TC 

MPN/100ml 

Turbidity  

(NTU) 

1 0.00 

  

4.24 39 1180.64 707 17135 21.4 

2 4.03 

  

369 40 1210.42 3020 45549 19.2 

3 7.40 

  

121 41 1230.53 946 16928 15.5 

4 12.26 

  

201 42 1267.26 2073 28687 21.2 

5 215.49 3342 44053 160 43 1308.26 7411 119996 17.5 

6 248.62 4802 82126 138 44 1353.07 3841 60246 21.6 

7 280.50 2847 34548 97.6 45 1405.60 811 12431 22.6 

8 296.24 1191 16268 129 46 

 

2784 41804 26.7 

9 318.22 3072 50425 70.2 47 1413.77 862 9831 16.7 

10 362.03 2407 45646 35.4 48 1438.78 81 771 21.6 

11 398.45 

  

27.9 49 1455.25 771 10982 12.1 

12 446.86 

  

29.2 50 1466.95 885 9240 

 

13 483.56 34181 597784 13.7 51 1472.81 

   

14 485.09 1521 19050 25.4 52 1473.74 

   

15 534.26 744 7064 33.2 53 1485.31 1734 31304 22.6 

16 584.50 220 3089 16.5 54 1502.43 115 1667 21.9 

17 632.06 271 6271 12.5 55 1534.33 40 824 23.4 

18 678.30 341 7464 12.25 56 1579.54 55 1045 23.4 

19 709.56 445 7548 5.02 57 1588.85 1473 10532 21.8 

20 725.66 202 4326 8.07 58 1623.73 753 10432 25.2 

21 738.89 778 14695 7.84 59 1673.83 366 5223 33 

22 748.53 598 8796 5.93 60 1678.75 253 3390 29.9 

23 769.29 233 4983 6.31 61 1712.29 590 2414 26.6 

24 801.59 1028 20203 7.18 62 1756.49 188 2126 25.2 

25 840.27 682 12583 6.7 63 1804.72 1085 16029 31.8 

26 862.44 4178 40091 8.8 64 1839.76 4457 68194 31.7 

27 885.12 619 12758 8.06 65 1852.51 1970 29566 31.4 

28 923.94 484 7812 8.13 66 1898.12 836 10224 32.2 

29 950.06 

   

67 1914.45 447 6155 37.4 

30 958.13 466 6178 8.51 68 1938.33 552 8069 38.2 

31 990.67 593 9393 9.48 69 1978.09 483 5719 34 

32 1011.11 392 7128 9.77 70 2024.92 675 7734 29.6 

33 1017.12 524 7866 25.8 71 2066.81 618 9438 28.3 

34 1022.38 2479 47798 18 72 2072.89 396 6208 26.9 

35 1033.83 

  

19.3 73 2122.38 262 5098 18.7 

36 1074.27 488 10360 17.5 74 2172.38 86 1356 33.2 

37 1124.04 361 11821 18.1 75 2177.64 342 9707 34 

38 1144.73     18.5           
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